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(54) Improvements in or relating 
to devices for extracting energy 
from waves 

(57) The device comprises a pump 
or pumps arranged to be operated 
by relative motion between hin- 
gedly connected members 10, 11, 
1 2 in response to waves so as to 
displace a fluid. A pump chamber 
67 is defined by the member 1 2 
and a vane 65 extends from an 
adjacent member 10, 11 so as to 
be displaced in the pump chamber 
by the relative motion of the mem- 
bers. The members may be hin- 
gedly connected together at a num- 



ber of locations at which a respec- 
tive bearing is supported by a resil- 
iency flexible mounting. 

Each pump is double-acting and 
draws fluid through an inlet 80 and 
check valves 81, the fluid being 
pumped through duct 73 and check 
valves 82 to a manifold common to 
all the pumps. The manifold pres- 
sure is maintained by an air accu- 
mulator 48. Fluid is supplied to a 
turbine which drives an electrical 
generator. The pumps and turbine 
may form a closed-circuit instead of 
using ambient water. Only one of 
the members need be buoyant the 
other being fixed. 
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SPECIFICATION 

Improvements in or relating to devices for 
extracting energy from waves 

5 

This invention relates to devices for extracting 
energy from waves and more particularly, but 
not exclusively, to devices in which relative 
motion between buoyant members in re- 

1 0 sponse to waves is used to derive an energy 
output from the device. 

An article which examined the potential of 
wave power in the seas around the United 
Kingdom appeared in "Chartered Mechanical 

15 Engineer", September 1978, pp 41-47, pub- 
lished by the institution of Mechanical Engi- 
neers, London, England. One of the devices 
for extracting energy from waves mentioned 
in this article and based on a concept pro- 

20 posed by Sir Christopher Cockerell comprises 
buoyant members hinged together such that 
relative motion between the members oper- 
ates a pump to displace a fluid and performs 
useful work, said device being hereinafter 

25 referred to as the "Cockerell Raft". The Cock- 
erell Raft is also the subject of British Patent 
No. 1,448,204 to which reference should be 
made, and an article on the development of 
wave energy systems using the principle of 

30 the Cockerell Raft appeared in New Scientist 
pp 241-243, 1st May 1975. 

According to the present invention, there is 
provided a device for extracting energy from 
waves on a liquid having at least two mem- 

35 bers hingedly connected one to another so as 
to allow angular relative motion between the 
members in response to waves, at least one of 
the members being of buoyant construction, 
and pump means between said hingedly con- 

40 nected members for displacing fluid in re- 
sponse to said relative motion, wherein said 
pump means comprises a vane pump having 
a pump chamber provided by one of the 
hingedly connected members and a vane ex- 

45 tending from the other hingedly connected 
member into said chamber so as to be dis- 
placed in said chamber by said relative mo- 
tion, thereby to displace said fluid. 

Preferably, the vane is arranged to pivot 

50 about an axis substantially co-axial with that 
of the hinged connection of the two members. 
A channel may be provided in the vane for 

the~ft ow th e r e t h r ough of t he l i quid into ~and 

out of the pump chamber. 

55 The hinged connection of the two members 
may comprise a plurality of hinge bearings, 
each hinge bearing being supported by resil- 
iency flexible means comprising elastomeric 
material. 

60 Several of the members may be hingedly 
connected in parallel relationship to a com- 
mon said member, at least one said vane 
pump being between each said parallel mem- 
ber and the said common member. 

f?K A nlnralitw nf th* momhorc maw ho hSnoorflw 



connected together in series relationship, each 
adjacent pair of the members having at least 
one said vane pump therebetween. 
A plurality of the vane pumps in parallel 

70 relationship may be between the hingedly 
connected members. 

The device may include a reservoir for re- 
ceiving liquid displaced by the vane pumps, 
and a turbine means below the reservoir and 

75 through which the reservoir is arranged to 
discharge, the reservoir having an overflow 
arranged so as to limit the pressure head of 
the liquid on the turbine. 
The fluid may comprise a liquid in which 

80 the device is adapted to float, or may com- 
prise a fluid of a closed circuit system and 
arranged to be displaced by the or each vane 
pump. 

The invention will now be described by way 
85 of example only with reference to the accom- 
panying drawings, in which: - 

Figure 1 shows in sectional elevation a 
diagrammatic representation of part of a Cock- 
erell Raft; 

90 Figure 7a shows a fragmentary perspective 
view of part of the Raft of Fig. 1 ; 

Figure 1b shows a view on the line lb-lb of 
Fig. 1; 

Figure 2 shows a sectional representation 
95 on the line ff I — 1 1 of Fig. 1; 

Figure 3 shows a sectional representation 
on the line Ill-Ill of Fig. 1; 

Figure 4 shows a fragmentary sectional 
representation on the line IV-IV of Fig. 2; 
100 Figure 5 shows in plan a diagrammatic 

representation of an alternative Cockerell Raft; 

Figure 6 shows to an enlarged scale a 
sectional representation of part of the Raft of 
Fig. 5; 

1 05 Figure 7 shows a sectional representation 
on the line VII-VII of Fig. 6; 

Figure 8 shows a sectional representation 
on the line VIII-VIII of Fig. 7; 

Figure 9 shows a perspective view of part 
110 of the Raft of Fig. 7; 

Figure 10 shows the part of Fig. 9 but 
inverted; 

Figure 1 1 shows in plan a representation of 
another Cockerell Raft similar to the Raft of 
115 Fig. 6; 

Figure 72 shows in side elevation the Raft 
of Fig. 11; 

Figured 3^showsto an enlarged scafe, a 

sectional representation of part of the Raft of 
120 Fig. 11; 

Figure 14 shows a sectional representation 
on the line XIV-XIV of Fig. 11; 

Figure 7 5 shows a fragmentary sectional 
representation on the line XV-XV of Fig. 13; 
1 25 and 

Figure 15a shows a fragmentary sectional 
representation on the line XVa-XVa of Fig. 
15. 

Referring to Fig. 1, the Cockerell Raft 

1 3ft chntA/n rnmnricoc a losriinrt nnritnnn 1 O an 
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aft pontoon 1 1 which is longer than the 
leading pontoon 10, and an intermediate pon- 
toon 12. The leading pontoon 10 and the aft 
pontoon 1 1 are generally fabricated from 
5 ferro-concrete, whilst the intermediate pon- 
toon 1 2 is essentially of steel construction 
having a steel skin 1 3 and conventional steel 
reinforcements 14. 

Referring now to Fig. 2, the aft pontoon 1 1 

1 0 is hinged to the intermediate pontoon 1 2 by 
two steel, tapered stub shafts 28 (only one is 
shown) each of which locates at one end in a 
respective spherical bearing 29 in the interme- 
diate pontoon 1 2 and at its other end is held 

1 5 in a projecting portion 30 of the aft pontoon 

1 1 which extends into a space 3 1 in the 
intermediate pontoon 12. The leading pon- 
toon 10 is hinged to the intermediate pontoon 

12 in an identical manner to that described in 
20 relation to the aft pontoon 11. 

• Five double-acting pumps in the form of 
three relatively large capacity pumps 35a and 
three smaller capacity pumps 35 b are distrib- 
uted along the junction between the leading 

25 pontoon 10 and the intermediate pontoon 12, 
and an identical number of pumps 35a and 
35b are distributed along the junction be- 
tween the aft pontoon 1 1 and the intermedi- 
ate pontoon 12. Each pump 35a and 356 has 

30 two rectifying chambers 36 and 37 respec- 
tively connected to it by a duct 38, each two 
rectifying chambers 36 and 37 being connec- 
table together by an unloading valve 40 
which is normally closed but when open en- 

35 sures that there is no pressure difference 
across the pump 35a or 35b. 

Each rectifying chamber 37 is connected by 
a branch duct 46 having a shut-off valve 45 
to a common discharge manifold 47 which is 

40 closed at one end and has a stepped bore so 
as to arrange a substantially uniform flow of 
liquid inside the discharge manifold 47. An 
accumulator 48 of the kind adapted to exert a 
pressure from a trapped quantity of air is 

45 connected to the discharge manifold 47 by a 
duct 49 at a position in advance of each 
respective branch duct 46, and a pressure 
relief valve 50 in a relief duct 51 is connected 
to the discharge manifold 47 near the open 

50 end of the discharge manifold 47. 

Referring now to Fig. 3, the discharge man- 
ifold 47 terminates in a downwardly directed 
bend 52 and connects to a tubular, variable 
pitch propellor turbine 53, generally known as 

55 a tubular Kaplan turbine, as described for 
example in "Hydro-Electric Engineering Prac- 
tice", Vol. 2, pp 191, 2nd Edition, published 
by Blackie 8- Son Ltd., Glasgow, Scotland. 
The turbine 53 has a frusto-conical outlet duct 

60 54 extending below the bottom of the inter- 
mediate pontoon 1 2, and drives a shaft 55 
connected by a coupling 56 to a bevel gear 
assembly 57 which connects, as shown in 
Fig. 2, through a flywheel 58 to an electric 

CC ~ * CO 



Referring again to Fig. 1, the edge of the . 
leading pontoon 1 0 adjacent to the intermedi- 
ate pontoon 12 terminates at each pump 35 a 
and 35 fc in a tapered vane 65 (only one is 

70 shown) having a bearing portion 66 of part- 
cylindrical form whose longitudinal axis is co- 
axial with that of the stub shafts 28. The vane 
65 extends into a pump body 68 having a 
pump chamber 67 of sectoral shape in eleva- 

75 tion in the intermediate pontoon 12, whilst a 
rubber seal 69 located in a groove 70 in the 
pump body 68 at the entrance to the pump 
chamber 67 bears in sealing engagement 
both longitudinally and part-circumferentially 

80 against the bearing portion 66. Referring now 
to Fig. 1 a which shows a fragmentary per- 
spective view of the vane 65, a rubber seal 
71 extends in a central groove 72 along the 
edge of that portion of the vane 65 which 

85 projects into the pump chamber 67, to bear In 
sealing engagement against the pump body 
68. 

Referring again to Fig. 1, the pump cham- 
ber 67 discharges at its upper end through a 
90 port 72 into a passage 73 which is connected 
by the respective duct 38 to the rectifying 
chamber 36. Referring now to Fig. 4, the 
pump chamber 67 at its lower end discharges 
through a port 75 into a passage 76 con- 
95 nected by the respective duct 38 to the rec- 
tifying chamber 37. 

Referring to Figs. 1,1b and 4, each rectify- 
ing chamber 36 and 37 respectively has an 
inlet 80 for liquid (e.g. seawater) in which the 

100 Cockerel! Raft is arranged to float, and is 

subdivided by an inner chamber 79 to which 
the respective duct 38 connects, and has non- 
return valves 81 for the flow of liquid from 
the inlet 80 to the duct 38 and non-return 

105 valves 82 for the flow of liquid from the duct 
38 to a discharge chamber 84 above the 
inner chamber 79. The discharge chambers 
84 of a respective pair of rectifying chambers 
36 and 37 are connected by a duct 39 whilst 

110 the inner chambers 79 are connectabie 
through the unloading valve 40. 

The pumps 35a and 355 between the aft 
pontoon 1 1 and the intermediate pontoon 1 2 
are arranged in an identical manner to that 

115 described in relation to the pumps 35a and 
35b located between the leading pontoon 10 
and the intermediate pontoon 12. 

In operation, relative motion between the 
leading pontoon 1 0 and the intermediate pon- 

1 20 toon 1 2, and the aft pontoon 1 1 and the 
intermediate pontoon 12 in response to 
waves, causes each of the respective vanes 
65 to be displaced in a pivotal manner and 
sweep out a respective pump chamber 67. As 

1 25 the volume of the pump chamber 67 on one 
side of each vane 65 increases, liquid is 
sucked through the inlet 80 and the inner 
chamber 79 of a respective rectifying cham- 
ber 36 or 37 into the passage 76 or 78, and 

1 OH -~ i er t-t j *u . _i i 
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67. Liquid on that side of each vane 65 at 
which the volume of the pump chamber 67 is 
decreasing, is discharged through the respec- 
tive port 77 or 75, passage 78 or 76 and the 
5 inner chamber 79 to the discharge chamber 
84. Liquid from the discharge chambers 84 of 
the rectifying chambers 36 flows to the re- 
spective discharge chambers 84 of the rectify- 
ing chambers 37 through the ducts 39 from 

10 which the liquid flows through the respective 
branch duct 46 into the discharge manifold 
47 where it is led to the turbine 53 through 
which it flows to the outlet duct 54, causing 
rotation of the turbine 53, and finally dis- 

15 charges below the intermediate pontoon 12. 
Rotation of the turbine 53 produces a corre- 
sponding rotation of the gears (not shown) of 
the bevel gear assembly 57 and of the electric 
generator 59 which thereby provides an elec- 

20 trie output. The flywheel 58 assists in smooth- 
ing the drive from the turbine 53 in the event 
of any uneven relative motion of the feading 
pontoon 10, intermediate pontoon 12, and aft 
pontoon 1 1 , whilst the accumulators 48 assist 

25 in maintaining a substantially uniform pres- 
sure head on the liquid in the discharge 
manifold 47. The relief valve 50 allows vent- 
ing of liquid in the discharge manifold 47. 
The relief valve 50 allows venting of liquid to 

30 take place in the event of an excessive pres- 
sure build up in the discharge manifold 47, 
whilst opening of selected unloading valves 
40 allows the torque about the stub shafts 28 
to be adjusted independently to obtain opti- 

35 mum performance for a given sea state. 

Although the invention has been described 
in relation to a Cockerell Raft having three 
pontoons hinged together in series, the inven- 
tion also has applications in wave power de- 

40 vices having two members hinged in parallel 
relationship to a common member as shown 
in Fig. 5 to which reference is now made. 

The Cockerell Raft shown in Fig. 5 com- 
prises two identical leading pontoons 1 10a 

45 and 1 10b hinged in parallel relationship to a 
rear pontoon 112. The leading pontoons 
110a and 1 1 0b are fabricated from ferro- 
concrete and the rear pontoon 1 1 2 of steel 
construction in a manner similar to that de- 

50 scribed in relation to the leading pontoon 10, 
aft pontoon 1 1, and the intermediate pontoon 
12 of Fig. 1. 

I n gr e at e r d e t ail with ref eren ee to F i g. 67 

the leading pontoon 1 10a is hinged to the 

55 rear pontoon 1 1 2 by two steel tapered stub 
shafts 1 28 each of which locates in a respec- 
tive spherical bearing 129 in a lug 127 
projecting from the leading pontoon 1 10a, 
and is held in a boss 1 30 in a vane pump 

60 1 35 at the junction between the leading pon- 
toon 110a and the rear pontoon 112. The 
vane pump 1 35 is connected to three pairs of 
rectifying chambers 1 36 a. .. 1 36c of prog- 
ressively lower capacity with respect to one 

65 another and Hisnnspri ahmit nn« another in 



parallel relationship. 

The leading pontoon 1 10b is hinged to the 
rear pontoon 112, and a vane pump 1 35 and 
three pairs of rectifying chambers 
70 136a. . . 1 36 c provided therebetween (only a 
rectifying chamber 136 c is shown), in an 
identical manner to that described in relation 
to the leading pontoon 1 10a and the rear 
pontoon 112. 
75 As shown in Fig. 8 to which reference is 
now made, the rectifying chambers 
136a. . . 136 care arranged to discharge liq- 
uid into a respective manifold 1 37 of increas- 
ing cross-section, each manifold 1 37 having 
80 an outlet 152 to a "Straflo" straight flow 
turbine 1 53 integral with and arranged to 
drive an electric generator 1 59, the "Straflo" 
turbine 1 53 and generator 1 59 being sup- 
plied by "Straflo" Ltd., 1 King William Street, 
85 London EC4N 7AU, England, and Hardstrasse 
319, CH-8005 Zurich, Switzerland, to whom 
reference should be made for further informa- 
tion. A frusto-conical outlet duct 154 extends 
from the turbine 1 53 below the rear pontoon 
90 112. The outlets 1 52 also connect with an 
open-top reservoir 148 to maintain a substan- 
tially constant flow of liquid through the tur- 
bine 153 and also to provide an upper limit to 
the pressure head of the liquid. 
95 Referring to Fig. 7, the vane pump 1 35 
comprises a pump body 1 68 incorporated in 
the leading pontoon 1 10a and defining a 
pump chamber 167 of sectoral shape in ele- 
vation, and a tapered vane 165 extending 

100 from the rear pontoon 112 into the pump 
chamber 167. The vane 165 has a bearing 
portion 1 66 of part-cylindrical shape which 
provides the bosses 1 30 (not shown in Fig. 
7). A rubber seal 1 69 located in a groove 

105 1 70 in the pump body 1 68 at the entrance to 
the pump chamber 167 bears longitudinally 
in sealing engagement against the bearing 
portion 166. A rubber seal 171 extends in a 
central groove 1 72 along that portion of the 

110 vane 165 which extends into the pump cham- 
ber 1 67 to bear against the pump body 1 68, 
and is jointed at each end, as shown in Fig. 
6, to an 'O' ring seal 190 which is located in 
an annular groove 1 91 in the respective boss 

115 1 30 at each end of the bearing portion 1 66 
to seal the gap between each boss 1 30 and 
the respective lug 127. 

nc i tsi I it ly • tvi w tu ■ iy . w diivi ny. i \j wiiiun 

show fragmentary perspective views of the 
1 20 vane 165, each vane 165 is of hollow con- 
struction to provide three pairs of channels 
195a. . . 195c which are transverse to the 
bearing portion 166 and have a width to 
correspond with the rectifying chambers 
125 136a. . . 136c (not shown in Figs. 9 and 10). 
•Each channel 1 95a terminates at a respective 
opening 1 96 but in an alternate manner, and 
adjacent channels 195b and 195cterminate 
at a common opening 1 96 arranged in an 

1 30 alternate mannpr with m«n*»rt tn th*» nth<ar 
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openings 196. 

Referring again to Fig. 6, and Fig. 7, each 
channel 1 95a. . . 1 95c leads at its other end 
to an inner chamber 179 of a respective 
5 rectifying chamber 1 36a. .. 1 36c; each inner 
chamber 179 having non-return valves 181 
for the flow of liquid in which the Cockerell 
Raft is arranged to float (e.g. seawater) into 
the inner chamber 179 from an inlet 180 at 
1 0 the bottom of the rear pontoon 112, and non- 
return valves .1 82 for the flow of liquid from 
the inner chamber 1 79 to a discharge cham- 
ber 1 84 which leads to the respective mani- 
fold 137. 

15 In operation, relative motion between the 
leading pontoon 1 10a or 1 105 and the rear 
pontoon 112 causes the vane 1 65 of the 
respective vane pump 1 35 to be displaced in 
a pivotal manner in the pump chamber 167 

20 in which it extends. At the volume of the 
pump chamber 167 on one side of the vane 
165 increases, liquid is sucked through the 
inlet 180 and those inner chambers 1 79 
connected to channels 195a. . . 195c having 

25 openings 1 96 to the increasing volume side 
of the pump chamber 1 67 so that the liquid 
flows through these channels 195a... 195c 
and openings 196 into the respective pump 
chamber 1 67. At the same time on the other 

30 side of the vane 165 where the volume of the 
pump chamber 167 is decreasing, liquid 
flows from the pump chamber 167 through 
those openings 196 at this other side of the 
vane 165 into the respective channels 

35 195a. 195c and the inner chambers 179 
to which they are connected, from which the 
liquid flows into the respective discharge 
chambers 184 and into the manifold 137. 
The liquid leaves the manifold 1 37 through 

40 the outlet 152 and enters the turbine 153 
causing rotation of the turbine 153, and 
thereby an output from the generator 1 59, 
and finally discharges through the outlet duct 
1 54. Liquid from the outlet 1 52 can also flow 

45 into the reservoir 148 to provide a reserve of 
liquid to ensure a substantially constant flow 
of liquid through the turbine 1 53, whilst the 
open top of the reservoir 1 48 provides an 
overflow to limit the pressure head of the 

50 liquid. 

Although the invention has been described 
in relation to members hingedly connected 

t^ether-by-two-hinge-bearingsT^a-pkirality-of— 

hinge bearings may be used, for example 

55 distributed between a plurality of vanes as 
shown in Fig. 1 1 and Fig. 1 2 to which 
reference is now made. 

The Cockerell Raft shown in Figs. 1 1 and 
1 2 comprises two identical ferro-concrete 

60 leading pontoons 210a and 21 Ob respectively 
hingedly connected in parallel relationship to 
a ferro-concrete rear pontoon 21 2 at two end 
locations 215 and three inner locations 216 
respectively. 

65 In arfsatfir Hntail sinrl r&ivrrtnn tn Pin 1 9 



the part of the leading pontoon 21 Oa shown 
comprises several vanes 235 extending in 
parallel relationship between each end loca- 
tion 215 (only one is shown) and the adjacent 

70 inner location 216, and between each pair of 
adjacent inner locations 216 (only two are 
shown). The vanes 235 are similar in con- 
struction to the vanes 135 of Fig. 6 and Fig. 
7 in that they are of hollow form but being 
75 narrower have only two channels 195a 
therein terminating at alternately disposed 
openings 1 96 (only one is shown in each 
vane 235): Each channel 195a leads to a 
rectifying chamber 236 in a similar manner to 
80 that described in relation to Figs. 6 to 8. 
At each end location 215 (only one is 
shown in Fig. 13) a lug 227 extends from the 
leading pontoon 210a and has a cast in situ 
bronze liner 220 in which a resiliency flexible 
85 journal bearing mounting 221 is fitted. The 
journal bearing mounting 221 is of conven- 
tional design having a metal outer sleeve 
222, a metal inner sleeve 223, and a com- 
posite rubber/steel laminate 224 between the 
90 outer sleeve 222 and the inner sleeve 223. A 
bush 225 of a bearing material, for example 
bronze or a metal/polytetrafluoroethylene 
(PTFE) composite is a tight fit in the inner 
sleeve 223 and locates around and provides a 
95 bearing for a hinge pin 226 for example of 
stainless steel, which extends through a cast 
in situ bronze liner 233 in an outer wall 234 
of the vane 235 and through another cast in 
situ bronze liner 233 in an end wall 240 of 

100 the rear pontoon 212. The hinge pin 226 has 
a shoulder 241 which bears against the end 
wall 240 and has a central slot 242 in which 
a tongue 243 from a metal clamp plate 244 
locates, the clamp plate 244 being secured to 

1 05 the end wall 240 by screws (not shown) 
which locate in conventional cast in situ 
threaded sockets (not shown). A resiliently 
flexible journal bearing mounting 221 is pro- 
vided at the locations 216 in an identical 

110 manner to that described in relation to loca- 
tion 21 5 except that the shoulder 241 of the 
respective hinge pin 226 bears against an 
outer wall 234 of the adjacent vane 235 and 
is secured thereto by screws (not shown). 

115 In order to resist lateral thrust forces, a 
thrust bearing 237 is provided at each end 
location 215. The thrust bearing 237 is consi- 

steel) annular disc 251 cast in situ in a 
1 20 circular groove 250 in the end wall 240 and 
having a bronze thrust bearing washer 252 
secured to it by screws (not shown), the thrust 
washer 252 bearing on its other side against 
a metal annular disc 255 cast in' situ in the 
125 outer wall 234 of the adjacent vane 235. 

Referring now to Fig. 14 and Fig. 15, each 
vane 235 extends into a pump chamber 267 
defined by a pump body 268 of sectoral 
shape in the leading pontoon 210a (or 2106). 
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tion 270 which is a close fit against the 
adjacent end of the vane 235 during a pivotal 
angle of the vane 235 of about 40* which is 
the expected extent of the relative motion 
5 likely to occur in most seas between the 
leading pontoons 210a and 21 06 and the 
rear pontoon 212 except in storm conditions. 
That part of the pump body 268 outside the 
central portion 270 is relieved to increase the 

10 clearance between the pump body 268 and 
the vane 235 so as to reduce the drag exerted 
by any marine growth on movement of the 
vane 235 in the infrequently swept portion of 
the pump body 268 outside the central por- 

15 tion 270. Several longitudinal grooves 271 
are provided at the end of the vane 235 to 
create turbulence which seals the narrow gap 
between the pump body 268 and the vane 
235 at the central portion 270. As shown in 

20 Fig. 15a to which reference is made, the 
1 central portion 270 extends along the sides of 
the pump body 268, and grooves 275 in the 
outer walls 234 of the vanes 235 extend from 
and perform the same function as the grooves 

25 271 in providing a seal between the pump 
body 268 and the vane 235. 

Referring again to Figs. 14 and 15, the 
vane 235 has a bearing portion 266 with a 
central portion 272 against which a metal 

30 (e.g. bronze) angle member 273 is a close fit, 
the angle member 273 having longitudinal 
grooves 274 to create turbulence and effect a 
seal in the same manner as the grooves 271 
and 275 in the vane 235. The angle member 

35 273 is secured to the pump body 268 by 
bolts (not shown) which locate in a cast in situ 
metal (e.g, bronze) mounting plate 269, an 
arrangement which eases assembly and en- 
ables the angle member 273 to be replaced 

40 when worn or damaged. The bearing portion 
266 extends for an included angle of 40°, 
and beyond this angle the bearing portion 
266 is relieved to provide clearance and re- 
duce the effect of any marine growth on the 

45 movement of the vane 235. In a similar 

manner to that described in relation to Figs. 6 
to 10, each channel 195a leads to an inner 
chamber 279 of a respective rectifying cham- 
ber 236 having non-return valves 281 for 

50 flow of liquid from an inlet 280, and non- 
return valves 282 for the flow of liquid from 
the inner chamber 279 to a discharge cham- 
ber 284 fromwhictrliquldls discharged toa 
respective manifold 247 of increasing cross- 

55 section. Each manifold 247 discharges 

through a connecting duct 290 to a "Straflo" 
straight flow turbine 253 arranged to drive a 
generator 259 and from which liquid is finally 
exhausted through an outlet duct 290. The 

60 connecting duct 290 also provides an inlet for 
an open top reservoir 248 which performs the 
same function as the reservoir 248 of Fig. 8. 

The Cockerell Raft of Figs. 1 1 to 1 5 oper- 
ates in a similar manner to the Cockerell Rafts 



leading pontoons 210aand 2106and the 
rear pontoon 212 causing the vanes 235 to 
pivot iii the pump chambers 267 so that 
liquid (e.g. seawater) is displaced in the pump 

70 chambers 267 and discharged through the 
inner chambers 279 to the respective dis- 
charge chambers 284 and into the respective 
manifold 247 where the liquid is fed through 
the connecting duct 290 to the turbine 253 

75 and exhausts through the outlet duct 254. 
One of the advantages of using a plurality 
of hinge bearings is that it reduces the load 
on individual hinge bearings, and the use of 
resiliently flexible mountings for the hinge 

80 bearings compensates for any slight misalign- 
ment of the hinge bearings. In this respect the 
elastomeric hange bearing of copending Brit- 
ish Patent Application No. 7937490 may 
advantageously be used. 

85 It will be understood that the invention may 
be incorporated in alternative devices for ex- 
tracting energy from waves, and may be fabri- 
cated from suitable alternative materials to 
those described in relation to the devices of 

90 Figs. 1 to 1 5. 

As an alternative to withdrawing liquid in 
which the device is arranged to float and 
displacing this liquid through a turbine, a 
closed cycle may be used so that the liquid 

95 discharged from the turbine is arranged to be 
recycled through the vane pump. 

It will be appreciated that the invention may 
be used to energise some other means of 
performing useful work from wave power, 
1 00 such as a hydraulic motor. 

CLAIMS 

1 . A device for extracting energy from 
waves on a liquid having at least two mem- 

105 bers hingedly connected one to another so as 
to allow angular relative motion between the 
members in response to waves, at least one of 
the members being of buoyant construction, 
and pump means between said hingedly con- 

'110 nected members for displacing fluid in re- 
sponse to said relative motion, wherein said 
pump means comprises a vane pump having 
a pump chamber provided by one of the 
hingedly connected members and a vane ex- 

1 1 5 tending from the other hingedly connected 
member into said chamber so as to be dis- 
placed in said chamber by said relative mo- 
tiorvTtfiereby to displace said fluid. 

2. A device as claimed in Claim 1, 

1 20 wherein the vane is arranged to pivot about 
an axis substantially co-axial with that of the 
hinged connection of the two members. 

3. A device as claimed in Claim 1 or 
Claim 2, wherein a channel is provided in the 

1 25 vane for the flow therethrough of the liquid 
into and out of the pump cjhamber. 

4. A device as claimed .in any one of the 
preceding Claims, wherein the hinged connec- 
tion of the two members comprises a plurality 



supported by resitiently flexible means com- 
prising elastomeric material. 

5. A device as claimed in any one of the 
preceding Claims, wherein several said mem- 
5 bers are hingedly connected in parallel rela- 
tionship to a common said member, at least 
one said vane pump being between each said 
parallel member and the said common mem- 
ber. 

10 6. A device as claimed in any one of the 
preceding Claims and comprising a plurality of 
said members hingedly connected together in 
series relationship, each adjacent pair of the 
members having at least one said vane pump 

15 therebetween. 

7. A device as claimed in any one of the 
preceding Claims, wherein a plurality of said 
vane pumps in parallel relationship are be- 
tween the hingedly connected members. 

20 8. A device as claimed in Claim 7, includ- 
ing a reservoir for receiving liquid displaced 
by the vane pumps, and a turbine means 
below the reservoir and through which the 
reservoir is arranged to discharge, the reser- 

25 voir having an overflow arranged so as to limit 
the pressure head of the liquid on the turbine. 

9. A device as claimed in Claim 7 or 
Claim 8, including manifold means connected 
to at least some of the vane pumps for 

30 collecting the liquid displaced by said vane 
pumps. 

10. A device as claimed in any one of the 
preceding Claims, wherein the liquid is pro- 
vided in a closed circuit system and arranged 

35 to be displaced by the or each vane pump. 

11. A device as claimed in any one of the 
preceding Claims, wherein the or each vane 
pump comprises a double-acting pump. 

12. A device as claimed in any one of the 
40 preceding Claims, wherein all the members 

are of buoyant construction. 

13. A device for extracting energy from 
waves on a liquid substantially as hereinbefore 
described with reference to Figs. 1 to 4, or 

45 Figs. 5 to 10, or Figs. 11 to 1 5a of the 
accompanying drawings. 
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